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Background
Several hemodynamic parameters based from 3D cine PC-MRI have been proposed during the last years, including wall shear stress (WSS), oscillatory index (OSI), vorticity and helicity among others. Most of these parameters are quantified using 2D planes, and only few methods have exploited the advantage of using the 3D data. The disadvantage of using 2D planes is that it does not provide the whole distribution of the hemodynamics parameter in the entire vessel of interest. This process is therefore dependent on the user and may lead to results that have low reproducibility. We have developed a computational framework that integrates advanced image processing strategies and computational techniques based on finite element interpolations to perform a 3D quantification of hemodynamics parameters based on 3D cine PC-MRI.
Methods
To validate the proposed methodology, we acquire data sets in controlled experiments using a realistic aortic phantom normal and with coarctation (Matrix 224x224x122, voxel size 0.89x0.89x0.89 mm, TR/TE 6.3/ 3.5 ms, Flip angle 100, VENC 250 cm/s). For the phantom experiments we use a MR compatible pulsatile flow pump, which allowed us to resemble the same conditions of velocity and cardiac output as in volunteers and patient with Aortic Coarctation. To demonstrate the applicability of the developed methods, we apply the method in the pulmonary artery and aorta of sixteen volunteers 12 males and 4 females, mean age 30 ± 5 years old (Matrix 106x106x54, voxel size 2.16x2.16x2.48 mm, TR/TE 4.8/2.7 ms, Flip angle 50, VENC 200 cm/s), in which we acquired 3D cine PC-MRI data. Using these data sets we calculate the 3D distribution of WSS, OSI, vorticity and helicity (helicity density and relativity helicity).
Results
The time averaged flow rate from 3D PC-MRI was 61.01 ±30.42ml/s for the groups of volunteers and 75.71ml//s, 117.55ml//s and 40.80ml//s for the phantom (rest, stress, coarctation) ( Fig. 1) . 3D maps distribution of WSS and OSI obtain in one volunteer and in the phantom data is shown in Fig. 1 . One example of 3D maps of vorticity for the phantom (coarctation) and PA of one volunteer is showing in the Fig. 2 . For the Aortic phantom we obtain Vorticity values between 0 to 1300s -1 , for the PA in volunteers we obtain values between 0 to 450s -1 . The quantification of the Helicity in 3D domain was applied in the phantom (coarctation), and the result was between -279 to 328m/s 2 and for the PA of volunteers we obtained Helicity values between -204 to 86m/s 2 .
Conclusions
We have developed a novel methodology to calculate 3D hemodynamics parameters of a vessel of interest using a combination of 3D cine PC-MRI and finite element interpolations. 
